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Background: Diagnosis of multiple endocrine neoplasia type 1 (MEN1) is commonly based on clinical criteria, and
confirmed by genetic testing. In patients without known MEN1-related germline mutations, the possibility of a
casual association between two or more endocrine tumors cannot be excluded and subsequent management may
be difficult to plan. We describe a very uncommon case of functioning glucagonoma associated with primary
hyperparathyroidism (pHPT) in which genetic testing failed to detect germline mutations of MEN-1 and other
known genes responsible for MEN1.
Case presentation: The patient, a 65-year old woman, had been suffering for more than 1 year from weakness,
progressive weight loss, angular cheilitis, glossitis and, more recently, skin rashes on the perineum, perioral skin and
groin folds. After multidisciplinary investigations, functioning glucagonoma and asymptomatic pHPT were
diagnosed and, since family history was negative, sporadic MEN1 was suspected. However, genetic testing revealed
neither MEN-1 nor other gene mutations responsible for rarer cases of MEN1 (CDKN1B/p27 and other
cyclin-dependent kinase inhibitor genes CDKN1A/p15, CDKN2C/p18, CDKN2B/p21). The patient underwent distal
splenopancreatectomy and at the 4-month follow-up she showed complete remission of symptoms. Six months
later, a thyroid nodule, suspected to be a malignant neoplasia, and two hyperfunctioning parathyroid glands were
detected respectively by ultrasound with fine needle aspiration cytology and 99mTc-sestamibi scan with SPECT
acquisition. Total thyroidectomy was performed, whereas selective parathyroidectomy was preferred to a more
extensive procedure because the diagnosis of MEN1 was not supported by genetic analysis and intraoperative
intact parathyroid hormone had revealed “adenoma-like” kinetics after the second parathyroid resection. Thirty-nine
and 25 months after respectively the first and the second operation, the patient is well and shows no signs or
symptoms of recurrence.
Conclusions: Despite well-defined diagnostic criteria and guidelines, diagnosis of MEN1 can still be challenging.
When diagnosis is doubtful, appropriate management may be difficult to establish.
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Multiple endocrine neoplasia type 1 (MEN1) is a rare
inherited autosomal dominant syndrome characterized by
variable combinations of primary hyperparathyroidism
(pHPT) (approximately 95% penetrance), pancreatic endo-
crine tumors (PETs) (40-70% penetrance), and anterior
pituitary tumors (30-40% penetrance) [1]. The main causa-
tive gene of MEN1 (MEN-1) is located at chromosome
11q13 and, during the first decade following its identifica-
tion, over 1100 germline mutations were discovered [2].
Recently, other germline mutations involving four cyclin-
dependent kinase inhibitor genes (CDKN1A/p15, CDKN2C/
p18, CDKN2B/p21 and CDKN1B/p27) and, in patients
with pituitary tumors, the AIP gene have been found in a
minority of patients with clear MEN1 phenotype [3-5].
According to the current guidelines, individuals with
at least two of the three major MEN1 endocrine tumors
should be considered to be affected by the MEN1 syn-
drome [1]. Diagnosis should be confirmed by genetic
testing, although a substantial minority of patients
(up to 40-50% of those without family history) may not
harbor any known gene mutations [1,3-7]. In these cases
the possibility of a casual association between two endo-
crine tumors or the occurrence of a sporadic endocrine
tumor in a MEN1 family member must be considered,
since management of patients and their families differs
considerably depending on whether the endocrine tumors
are sporadic or MEN1-related [8-10].Figure 1 Skin eruptions. A) Erythema, scaling, erosions and crusts on the
Polycyclic migratory lesions with scaling advancing borders at groin folds;We report a case of typical functioning glucagonoma
associated with pHPT in which genetic testing failed to de-
tect MEN-1 and other known germline mutations asso-
ciated with MEN1, and we discuss specific problems
encountered during the diagnostic and therapeutic workup.
Case presentation
A 65-year-old woman with no family history of endocrine
tumors was referred to our General Surgery Unit with a
presumptive diagnosis of MEN1. For the past 18 months,
she had been experiencing increasing weakness, weight
loss (up to 15 kg), angular cheilitis, and glossitis. In the
meantime, due to a traumatic fracture of her left humeral
head, she had undergone dual energy x-ray absorptiometry
and laboratory investigations as an outpatient, which were
suggestive of severe osteoporosis (t-score −4 at the lumbar
spine and −2.4 at the femoral neck), pHPT, hypothyroid
Hashimoto’s thyroiditis, and diabetes mellitus type 2. The
patient had recently developed widespread itching and
painful rashes involving the perioral skin, perineum, and
groin folds (Figure 1). In view of these multiple findings
she was admitted to an Internal Medicine Unit for further
assessment. Her father had died at age 84 due to myocar-
dial infarction and her mother at age 69 after colorectal
cancer surgery. A 60-year-old brother suffered from arter-
ial hypertension, and a 32-year-old daughter was affected
by severe obesity. Menarche occurred at 12 years of age
and menopause at 39 years following hystero-adnexectomyface. B) Intense erythema with crusted erosions at perineum. C)
D) Glossitis.
Figure 3 Abdominal enhanced multidetector-row computed
tomography (MDCT). A low-density 2x3 cm mass between the
body and tail of the pancreas, showing intense contrast
enhancement (arrow).
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markable data in her medical history, and she was not tak-
ing any drugs. Biochemical studies showed iron-deficiency
anemia and confirmed Hashimoto’s thyroiditis with mild
hypothyroidism, diabetes mellitus, and mild pHPT (Cal-
cium: 10.4 mg/dl [nr 8.8-10.6], 24-hour urinary calcium
excretion: 358 mg/dl [nr 130–300], iPTH: 147pg/ml
[nr 8–87], Creatinine: 0.74 mg/dl [nr 0.84-1.25]). On
99mTc-sestamibi scan and ultrasound (US) of the neck, an
inferior right hyperfunctioning parathyroid was identified.
A 9 mm nodule was also detected by US in the left thyroid
lobe. Endoscopic studies revealed mild antral gastritis and
diverticulosis of the colon, while no pathological findings
were detected by abdominal US. Based on skin culture, the
skin rashes were interpreted as candidiasis secondary to
Candida albicans with bacterial superinfection. The patient
was then discharged with a prescription of oral antidia-
betics, iron therapy, proton pump inhibitors, bisphospho-
nates, levothyroxine and antifungal/antibiotic agents.
After one month, as the rash had not improved the pa-
tient was referred to the Dermatology Unit, where a generic
deficiency dermatitis was diagnosed based on histological
examination of a skin biopsy (Figure 2). Oral zinc and vita-
min supplements were introduced into her diet, but no im-
provement was observed over the following 2 months.
Since the histological features of deficiency dermatitis were
also consistent with necrolytic migratory erythema (NME),
abdominal enhanced multidetector-row computed tomog-
raphy (MDCT) was performed, revealing a low-density 2x3
cm mass between the body and tail of the pancreas, with
intense contrast enhancement, compatible with a diagnosis
of neuroendocrine neoplasia (Figure 3). No evidence of liver
or lymph node metastasis or local infiltration was found.
Therefore the patient was referred to the Endocrinology
Unit with suspected glucagonoma syndrome. As glucagon
testing was not available, only generic neuroendocrineFigure 2 Histopathological examination of the skin. A) Psoriasiform hy
perivascular infiltrate of lymphocytes in the upper dermis (HE 5 X). B) Vascumarkers were measured, and among these, only Chromo-
granin A was found to be above the normal range (urinary
5-Hydroxyindoleacetic acid excretion: 5.8 ng/24h [nr 2–9];
serum Neuron-Specific Enolase: 12 ng/ml [nr 4.7-14.7];
serum Chromogranin A: 24.9 nmol/L [nv <4]. Somatostatin
receptor scintigraphy (OctreoScan) with SPECT acquisi-
tion showed an area of increased uptake between the body
and tail of the pancreas corresponding to the tumor
revealed by previous MDCT (Figure 4). Phospho-calcium
metabolism assessment confirmed pHPT (Calcium: 11.8
mg/dl [nr 8.8-10.6]; Phosphorus: 2.4 mg/dl [nr 2.5-4.5];
24-hour urinary calcium excretion: 212 mg/dl [nr 100–
300]; iPTH: 120 pg/ml [nr 8–87]). All pituitary hormones
were in the normal range and no pituitary tumor was
detected by magnetic resonance imaging.perplasia of the epidermis with overlying parakeratosis and mild
lar dilatation (HE 20 X).
Figure 4 Somatostatin receptor scintigraphy with SPECT acquisition. Area of increased uptake anterior to the left kidney and medial to the
spleen, consistent with the pancreatic mass detected by MDTC.
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absence of a family history of single or combined endo-
crine tumors, a presumptive diagnosis of sporadic MEN1
syndrome was made. Genetic testing was firstly focused
on the MEN-1 gene; for this purpose, exons 2–10 were
PCR amplified and subsequently submitted to direct se-
quencing according to standard protocols [11], but no
mutation was identified.
The patient was then referred to our General Surgery
Unit where she underwent distal splenopancreatectomy.
Intraoperative US ruled out tumor multifocality and
showed no liver or lymph node metastasis, nor any infiltra-
tion of the splenic and superior mesenteric vessels. The
postoperative course was uneventful and the patient was
discharged 11 days after the operation in good condition.
The resected specimen contained a tumor measuring
3×2×2 cm in diameter, corresponding to the lesion identi-
fied by imaging studies (Figure 5). On histopathological
examination the tumor appeared encapsulated, well vascu-
larized, and composed of polygonal cells with trabecular or
ribbon-like proliferation. Four mitoses per 10 HPF (HighFigure 5 Specimen from distal splenopancreatectomy. A) The neoplas
exophytic growth but appears well circumscribed. B) The cut surface is whPower Field) were observed. No lymphatic, blood vessel or
perineural invasions were found. Immunohistochemistry
showed a 5% Ki-67 index and intense diffuse staining for
non-specific neuroendocrine markers (Chromogranin A,
Synaptophysin, Neuron-Specific Enolase) and for glucagon
(Figure 6), thus confirming the preoperative suspicion of
pancreatic glucagonoma.
During the following 4 months, the patient had complete
resolution of her diabetic-dermatogenic syndrome and
gained about 10 kg in body weight. At the 1-year fol-
low up, abdominal US and OctreoScan with SPECT ac-
quisition revealed no signs of recurrence, while serum
Chromogranin A remained slightly elevated (4.6 nmol/
l [nv < 4]). Anterior pituitary hormone levels were nor-
mal and parathyroid function showed no significant
change from the previous examination. However, a
new hyperfunctioning parathyroid gland, in addition to
that previously identified, was found behind the tra-
chea on 99mTc-sestamibi scan with SPECT acquisition
(Figure 7). US examination of the neck confirmed a 9-mm
nodule in the middle third of the left thyroid lobe, butia is located in the inferior border of the pancreas (arrow); it shows an
itish-yellow in color with focal areas of hemorrhage.
Figure 6 Histopathological examination of the pancreatic tumor. A) The tumor appears encapsulated and composed of polygonal cells with
trabecular or ribbon-like proliferation (HE 5 X). B) At immunohistochemistry, neoplastic cells showed an intense diffuse staining for glucagon
(Anti-glucagon antibody 5 X).
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piration cytology allowed diagnosis of the thyroid nodule
as Thy 4 (i.e. suspicious for malignancy), according to the
BTA classification [12]. Based on these findings, the patient
was referred to the Endocrine Surgery Unit with indica-
tions for total thyroidectomy and subtotal parathyroidect-
omy (PTX). The procedure was performed via Kocher
cervicotomy with the help of intraoperative nerve monitor-
ing and iPTH assay. After bilateral neck exploration, two
enlarged parathyroid glands were found respectively in
the right para-tracheal space and behind the esophagus
(Figure 8), as indicated by preoperative scintiscan. At
10 minutes from the first PTX, iPTH was higher than 50%
(90 pg/ml) of the initial basal value (176 pg/ml), but fell
below that threshold at 20 minutes (49 pg/ml). Ten
minutes after the second PTX, iPTH dropped markedly
to 32 pg/ml, and therefore it was decided not to resectFigure 7 99mTc-sestamibi scan with SPECT acquisition. Hyperfunctionin
(A) and behind the trachea (B).the remaining two left parathyroid glands, which had a
normal appearance. Total thyroidectomy was performed as
planned. On histopathological examination, Hürthle cell
adenoma of the thyroid and diffuse/nodular parathyroid
hyperplasia were diagnosed. The patient was discharged
3 days after surgery in good condition. Calcium and vita-
min D supplements were necessary only for a few days.
Thirty-nine and 25 months after respectively the first
and the second operations, the patient is well and
shows no signs or symptoms of recurrence. Since
mutations of CDKN complex have been recently
described in MEN1 patients with negative MEN-1
mutations, a genetic study was first carried out on the
CDKN1B/p27 gene by PCR amplification and direct
sequencing of exons 1 and 2 [3,4], but no mutation
was found. Analysis of other CDKN complex genes
(CDKN1A/p15, CDKN2C/p18, CDKN2B/p21) was theng parathyroid glands (arrows) detected respectively to the right of
Figure 8 Intraoperative view of the two enlarged parathyroid glands. One is located in the right para-tracheal space (arrow) (A) and the
other is posterior and closely adherent to the esophagus (arrow) (B).
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mutation was found. To exclude large deletions of the
MEN-1 gene which may be missed using the conven-
tional PCR amplification and direct sequencing approach
[13,14], multiple ligation-dependent probe amplification
(MLPA) analysis [15] was carried out using the Salsa
MLPA probemix P244-B1, but no deletions of the MEN-1
gene were identified. In line with the current indications
[6,7], no AIP gene mutation search was performed, as
the patient had no evidence of pituitary tumors.
Although the MEN1 syndrome had not been confirmed
by genetic analysis, based on the new 2012 guidelines for
MEN1 [1] we recently proposed to the daughter of the pa-
tient that she undergo clinical and biochemical screening,
but she has refused for the time being.
Discussion
According to the current guidelines [1] an individual
affected by two or more primary MEN1-related endocrine
tumors should be suspected to have the MEN1 syndrome.
However, association of such tumors may occur randomly
in the general population [9], therefore patients without
family background should be candidates for genetic testing
in order to confirm the diagnosis [1]. Accordingly, exten-
sive analysis of the MEN-1 gene (including the search for
large deletions by MPLA) and of the CDKN genes was
performed, but no mutations were found. AIP analysis
was not performed since previous studies indicated that
this was not required in patients without pituitary tumors
[6,7]. Thus, to the best of our knowledge, the genetic study
was in this case complete and up to date, although other
conditions (mutations in noncoding regions - e.g., exon 1-,
false negative results in direct sequencing, and mutations
of other still unknown genes) may cause failure to detect
germline mutations. In summary, since DNA test results
may be negative in up to 20% of index cases for familial
MEN1 and even more frequently in apparently sporadic
cases [1-8], the lack of genetic abnormalities does not ne-
cessarily rule out a diagnosis of MEN1 when the clinical
criteria are met. On the other hand, several additional
findings can support a suspected diagnosis, includinglesions occurring before the age of 35, multiglandular
pHPT, and multiple lesions within the pancreas [9]. Our
case met the clinical criteria for MEN1, but extensive
genetic testing targeting all the presently known MEN1-
related genes was negative, and the clinico-pathological
behavior of the associated endocrine lesions provided
inconsistent pathogenic information. Glucagonoma syn-
drome developed when the patient was 63 years old and it
was secondary to a single pancreatic tumor. pHPT was
discovered by chance, since it was asymptomatic accord-
ing to NIH criteria [16], and multiglandular hyperplasia
was found at histological examination. The late onset and
the absence of multifocality are suggestive for non-familial
glucagonoma, and the association with pHPT may have
been casual since it occurs in over 2% of adults aged over
55 [17]. Nevertheless, MEN1 can affect almost all age
groups, with a reported age range of 5–81 years [1,8,18]
and glucagonoma may not show multifocal appearance in
over 40% of MEN1 patients [19]. pHPT occurs very early
in MEN1 patients, typically between 20 and 25 years of
age, and precedes the appearance of the other endocrine
disorders by as much as a decade [20]. Unfortunately, as
in this case pHPT was discovered by chance, it is impos-
sible to establish the age of onset. The finding of multiple
parathyroid disease matches favorably with the diagnosis
of MEN1, although it must be noted that most patients
with multiglandular hyperplasia do not have familial
pHPT [21]. Taken together, the above data neither support
nor exclude a diagnosis of MEN1.
Glucagonoma is a very uncommon PET, with an esti-
mated incidence of 0.05-0.1/1.000.000 [22,23]. It gener-
ally develops as a sporadic (i.e. non-familial) neoplasm,
and in 51-78% of cases it is associated with metastasis at
the time of diagnosis [19,22]. The rate of metastasis is
directly proportional to tumor size, being more than
47% when the tumor is 21–50 mm in diameter [19]. In
only 5-17% of cases does glucagonoma occur in the con-
text of MEN1, and for this reason data on its biological
and clinical behavior in this setting are poor and incon-
sistent [9,19,24-26]. In a large review of glucagonomas,
malignancy is reported to be lower in patients with
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contrast, two recent studies by GTE (Groupe d’etude des
Tumours Endocrines) have shown a low 10-year survival
rate (53,8%) and a high disease-specific risk of death (haz-
ard ratio 4.29) in MEN1 patients, although the data are not
referred specifically to glucagonomas, but rather to a mis-
cellaneous group of rare PETs including VIPomas and
somatostatinomas [9,26]. In our case, the glucagonoma
must be considered as an intermediate grade neuroendo-
crine tumor (NET G2) or as stage 1B (T2N0M0) according
respectively to the WHO 2010 classification [27] and the
AJCC TNM staging (7th ed., 2010) [28]. It was functioning
and gave rise to a typical cluster of symptoms including
anemia, weight loss, asthenia, diabetes and NME. Fortu-
nately, the treatment of glucagonoma does not differ
significantly between MEN1 and sporadic cases [29,30],
therefore the operation we performed, i.e. distal splenopan-
createctomy, can be considered appropriate.
As regards the pHPT, although it was asymptomatic, in-
dication for surgery was established firstly because the
patient had to undergo total thyroidectomy for a concomi-
tant suspicion of thyroid carcinoma, and secondly because
she suffered from severe osteoporosis. One could argue
that, according to NIH criteria [16], the T-score at the
femoral neck was slightly above the threshold value (−2.4
vs −2.5), and that bone mineral density should have been
evaluated also at the forearm. However, the AACE/AAES
task force on pHPT has recently stated that operative
management should be considered for all asymptomatic
patients with suitable risk factors and a reasonable life ex-
pectancy [17]. The reason for this recommendation is that
23-62% of asymptomatic patients develop symptoms or
complication at 10 years, and patients with untreated
pHPT have an increased risk of premature death from car-
diovascular diseases and malignant lesions. Furthermore,
many symptoms not addressed by NIH guidelines, such as
weakness, apathy, depression, malaise, mood swings, sleep
disorders and impaired mental clarity usually decrease
after successful PTX even in patients with very mild dis-
ease [17,31]. All things considered, our indication for PTX
may be considered to be correct, whereas the choice of
surgical procedure may be questioned. There is wide-
spread consensus that subtotal or total PTX are the most
suitable treatments for pHPT in MEN1 patients, since
more conservative surgery is associated with a very high
rate of persistent or recurrent disease [21,29]. What is still
debated is which of the two is the safest and most effect-
ive procedure, given that subtotal PTX is associated with
a higher frequency of recurrent pHPT, but total PTX
gives rise more commonly to persistent hypocalcaemia
[1,20,21,32]. In our case, the final decision to perform se-
lective PTX was based on at least three reasons: a lack of
genetic confirmation of MEN1, the presence of only 2
enlarged parathyroid glands at neck exploration, and arapid fall in intraoperative iPTH levels after the second
PTX. Twenty-five months after surgery the patient shows
no signs of persistent or recurrent pPTH, although this
result needs to be confirmed by longer-term follow-up.
Other authors have achieved optimal outcomes following
a similar surgical strategy. Lee et al. reported no recur-
rence with more than five years’ follow up in seven
MEN1 patients affected by pHPT who underwent select-
ive PTX [33]. Kraimps et al. found that recurrent hyper-
parathyroidism occurred more frequently after subtotal
PTX in patients with diffuse hyperplasia than after select-
ive PTX in patients with one or two enlarged parathyroid
glands [34]. Tonelli et al., while considering total PTX as
the standard treatment for pHPT in MEN1, performed
conservative surgery on one patient showing “adenoma-
like” kinetics of intraoperative iPTH, and at the 4-year
follow-up they did not detect recurrent disease [35].
Overall, these authors believe that a less aggressive
MEN1 variant may exist. Therefore, in selected cases,
such as lack of genetic preoperative diagnosis of MEN1,
evidence of less than four enlarged parathyroids, and
“adenoma-like” kinetics of intraoperative iPTH, they be-
lieve conservative PTX should be taken into consider-
ation [33-35].
Conclusions
The case presented here illustrates the fact that diag-
nosing MEN1 can remain difficult despite the giant
strides made in diagnostic imaging and genetic research.
Where, as in this case, strict adherence to the current
guidelines is not feasible, appropriate management may
be difficult to establish.
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(March 2012) for publication of this case report and any
accompanying images. A copy of the written consent is
available for review by the Editor-in-Chief of this journal.
Abbreviations
MEN 1: Multiple endocrine neoplasia type 1; pHPT: Primary
hyperparathyroidism; PETs: Pancreatic endocrine tumors; CDKN: Cyclin-
dependent kinase inhibitor genes; AIP: Aryl hydrocarbon receptor Interacting
Protein; nr: Normal range; iPTH: Intact parathyroid hormone; US: Ultrasound;
NME: Necrolytic migratory erythema; MDCT: Multidetector-row computed
tomography; nv: Normal value; HPF: High Power Field; WHO: World Health
Organization; AJCC: American Joint Committee on Cancer; BTA: British
Thyroid Association; PTX: Parathyroidectomy; GTE: Groupe d’etude des
Tumours Endocrines; NIH: National Institute of Health; AACE/AAES: American
Association of Clinical Endocrinologists/American Association of Endocrine
Surgeons; PCR: Polymerase chain reaction; MLPA: Multiplex ligation-
dependent probe amplification.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
EE conceived the study, participated in its design and coordination, and
drafted the manuscript. NA, SL and MP participated in the study design and
Erdas et al. BMC Cancer 2012, 12:614 Page 8 of 9
http://www.biomedcentral.com/1471-2407/12/614helped to draft the manuscript. LP performed the histopathological stainings,
took all micrographs and participated in the drafting of the manuscript. AN
participated in the study design and in critical revision of the manuscript. AC,
FC and EP participated in the study design and performed the genetic
studies and sequence analysis. MM participated in study design and
coordination in clinical data acquisition. SM participated in drafting of the
manuscript and its critical revision. All authors read and approved the final
manuscript.
Author details
1General Surgery Unit, Department of Surgical Sciences, San Giovanni di Dio
Hospital, University of Cagliari, Cagliari, Italy. 2Dermatology Unit, Department
of Medical Sciences, San Giovanni di Dio Hospital, University of Cagliari,
Cagliari, Italy. 3Pathology Unit, Department of Surgical Sciences, San Giovanni
di Dio Hospital, University of Cagliari, Cagliari, Italy. 4Endocrine Surgery Unit,
Department of Surgical Sciences, Policlinico di Monserrato, University of
Cagliari, Cagliari, Italy. 5Endocrinology Unit, Department of Medical Sciences,
Policlinico di Monserrato, University of Cagliari, Cagliari, Italy. 6Endocrinology
Unit, Department of Internal and Experimental Medicine, University of Pisa,
Pisa, Italy.
Received: 25 October 2012 Accepted: 18 December 2012
Published: 22 December 2012References
1. Thakker RV, Newey PJ, Walls GV, Bilezikian J, Dralle H, Ebeling PR, Melmed S,
Sakurai A, Tonelli F, Brandi ML: Clinical Practice Guidelines for Multiple
Endocrine Neoplasia Type 1 (MEN1). J Clin Endocrinol Metab 2012,
97:2990–3011.
2. Lemos MC, Thakker RV: Multiple endocrine neoplasia type 1 (MEN1):
analysis of 1336 mutations reported in the first decade following
identification of the gene. Hum Mutat 2008, 29:22–32.
3. Georgitsi M, Raitila A, Karhu A, van der Luijt RB, Aalfs CM, Sane T, Vierimaa
O, Makinen MJ, Tuppurainen K, Paschke R, Gimm O, Koch CA, Gundogdu S,
Lucassen A, Tischkowitz M, Izatt L, Aylwin S, Bano G, Hodgson S, De Menis
E, Launonen V, Vahteristo P, Aaltonen LA: Germline CDKN1B/p27Kip1
mutation in multiple endocrine neoplasia. J Clin Endocrinol Metab 2007,
92:3321–3325.
4. Agarwal SK, Mateo CM, Marx SJ: Rare germline mutations in cyclin-
dependent kinase inhibitor genes in multiple endocrine neoplasia type
1 and related states. J Clin Endocrinol Metab 2009, 94:1826–1834.
5. Belar O, De La Hoz C, Pérez-Nanclares G, Castaño L, Gaztambide S, Spanish
MEN1 Group: Novel mutations in MEN1, CDKN1B and AIP genes in
patients with multiple endocrine neoplasia type 1 syndrome in Spain.
Clin Endocrinol (Oxf ) 2012, 76:719–724.
6. Sakurai A, Suzuki S, Kosugi S, Okamoto T, Uchino S, Miya A, Imai T, Kaji H,
Komoto I, Miura D, Yamada M, Uruno T, Horiuchi K, Miyauchi A, Imamura M,
Fukushima T, Hanazaki K, Hirakawa S, Igarashi T, Iwatani T, Kammori M,
Katabami T, Katai M, Kikumori T, Kiribayashi K, Koizumi S, Midorikawa S,
Miyabe R, Munekage T, Ozawa A, Shimizu K, Sugitani I, Takeyama H,
Yamazaki M, MEN Consortium of Japan: Multiple endocrine neoplasia type
1 in Japan: establishment and analysis of a multicentre database.
Clin Endocrinol (Oxf ) 2012, 76:533–539.
7. Falchetti A: Genetic screening for multiple endocrine neoplasia
syndrome type 1 (MEN-1): when and how. F1000 Med Rep 2010, 2:14.
8. Thakker RV: Multiple endocrine neoplasia type 1 (MEN 1). Best Pract Res
Clin Endocrinol Metab 2000, 24:355–370.
9. Goudet P, Murat A, Binquet C, Cardot-Bauters C, Costa A, Ruszniewski P,
Niccoli P, Ménégaux F, Chabrier G, Borson-Chazot F, Tabarin A, Bouchard P,
Delemer B, Beckers A, Bonithon-Kopp C: Risk factors and causes of death
in MEN 1 disease. A GTE (Groupe d’Etude des Tumeurs Endocrines)
cohort study among 758 patients. World J Surg 2010, 34:249–255.
10. Teh BT, McArdle J, Parameswaran V, David R, Larsson C, Shepherd J:
Sporadic primary hyperparathyroidism in the setting of multiple
endocrine neoplasia type 1. Arch Surg 1996, 131:1230–1232.11. Kassem M, Kruse TA, Wong FK, Larsson C, Teh BT: Familial isolated
hyperparathyroidism as a variant of multiple endocrine neoplasia type 1
in a large Danish pedigree. J Clin Endocrinol Metab 2000, 85:165–167.
12. British Thyroid Association and Royal College of Physicians of London:
Guidelines for the management of thyroid cancer. 2nd edition. 2007.
http://www.british-thyroid-association.org/news/Docs/
Thyroid_cancer_guidelines_2007.pdf.
13. Tham E, Grandell U, Lindgren E, Toss G, Skogseid B, Nordenskjöld M: Clinical
testing for mutations in the MEN1 gene in Sweden: a report on 200
unrelated cases. J Clin Endocrinol Metab 2007, 92:3389–3395.
14. Owens M, Ellard S, Vaidya B: Analysis of gross deletions in the MEN1 gene
in patients with multiple endocrine neoplasia type 1. Clin Endocrinol (Oxf )
2008, 68:350–354.
15. Schouten JP, McElgunn CJ, Waaijer R, Zwijnenburg D, Diepvens F, Pals G:
Relative quantification of 40 nucleic acid sequences by multiplex
ligation-dependent probe amplification. Nucleic Acids Res 2002, 30:e57.
16. Bilezikian JP, Potts JT Jr, Fuleihan G-H, Kleerekoper M, Neer R, Peacock M,
Rastad J, Silverberg SJ, Udelsman R, Wells SA: Summary statement from a
workshop on asymptomatic primary hyperparathyroidism: a perspective
for the 21st century. J Clin Endocrinol Metab 2002, 87:5353–5361.
17. AACE/AAES Task Force on Primary Hyperparathyroidism: The American
Association of Clinical Endocrinologists and the American Association of
Endocrine Surgeons position statement on the diagnosis and management
of primary hyperparathyroidism. Endocr Pract 2005, 11:49–54.
18. Kouvaraki MA, Shapiro SE, Cote GJ, Lee JE, Yao JC, Waguespack SG, Gagel
RF, Evans DB, Perrier ND: Management of pancreatic endocrine tumors in
multiple endocrine neoplasia type 1. World J Surg 2006, 30:643–653.
19. Soga J, Yakuwa Y: Glucagonomas/diabetico-dermatogenic syndrome
(DDS): a statistical evaluation of 407 reported cases. J Hepatobiliary
Pancreat Surg 1998, 5:312–319.
20. Marini F, Falchetti A, Del Monte F, Carbonell Sala S, Gozzini A, Luzi E, Brandi
ML: Multiple endocrine neoplasia type 1. Orphanet J Rare Dis 2006, 1:38.
21. Stålberg P, Carling T: Familial parathyroid tumors: diagnosis and
management. World J Surg 2009, 33:2234–2243.
22. Kindmark H, Sundin A, Granberg D, Dunder K, Skogseid B, Janson ET, Welin
S, Öberg K, Eriksson B: Endocrine pancreatic tumors with glucagon
hypersecretion: a retrospective study of 23 cases during 20 years. Med
Oncol 2007, 24:330–337.
23. Alfdanarson TR, Rubin J, Farnell MB, Grant CS, Petersen GM: Pancreatic
endocrine neoplasms: epidemiology and prognosis of pancreatic
endocrine tumors. Endocr Relat Cancer 2008, 15:409–427.
24. Wermers RA, Fatourechi V, Wynne AG, Kvols LK, Lloyd RV: The
glucagonoma syndrome. Clinical and pathologic features in 21 patients.
Medicine (Baltimore) 1996, 75:53–63.
25. Frankton S, Bloom SR: Gastrointestinal endocrine tumours.
Glucagonomas. Baillieres Clin Gastroenterol 1996, 10:697–705.
26. Lévy-Bohbot N, Merle C, Goudet P, Delemer B, Calender A, Jolly D, Thiéfin G,
Cadiot G, Groupe des Tumeurs Endocrines: Prevalence, characteristics and
prognosis of MEN 1-asscociated glucagonomas, VIPomas and
somatostatinomas. Study from GTE (Groupe des Tumeurs Endocrines)
registry. Gastroenterol Clin Biol 2004, 28:1075–1081.
27. Theise ND, Bosman FT, Carneiro F, Hruban RH (Eds): WHO Classification of
Tumours of the Digestive System. 4th edition. Lyon: IARC Press; 2010.
28. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A (Eds): AJCC
cancer staging manual. 7th edition. NewYork: Springer; 2010.
29. NCCN Clinical Guidelines in Oncology (Version 1.2011): Neuroendocrine
Tumors. 2011. http://www.nccn.org.
30. O'Toole D, Salazar R, Falconi M, Kaltsas G, Couvelard A, de Herder WW, Hyrdel R,
Nikou G, Krenning E, Vullierme MP, Caplin M, Jensen R, Eriksson B, Frascati
Consensus Conference; European Neuroendocrine Tumor Society: Rare
functioning pancreatic endocrine tumors. Neuroendocrinology 2006, 84:189–195.
31. Eigelberger MS, Cheah WK, Ituarte PHG, Streja L, Duh Q-Y, Clark OH: The
NIH criteria for parathyroidectomy in asymptomatic primary
hyperparathyroidism: are they too limited? Ann Surg 2004, 239:528–535.
32. Elaraj MD, Skarulis MC, Libutti SK, Norton JA, Bartlett DL, Pingpank JF, Gibril
F, Weinstein LS, Jensen RT, Marx SJ, Alexander HR: Results of initial
Erdas et al. BMC Cancer 2012, 12:614 Page 9 of 9
http://www.biomedcentral.com/1471-2407/12/614operation for hyperparathyroidism in patients with multiple endocrine
neoplasia type 1. Surgery 2003, 134:858–864.
33. Lee C-H, Tseng L-M, Chen J-Y, Hsiao H-Y, Yang A-H: Primary
hyperparathyroidism in multiple endocrine neoplasia type 1:
individualized management with low recurrence rates. Ann Surg Oncol
2006, 13:103–109.
34. Kraimps JL, Duh Q-Y, Demeure M, Clark OH: Hyperparathyroidism in
multiple endocrine neoplasia syndrome. Surgery 1992, 112:1080–1088.
35. Tonelli F, Spini S, Tommasi M, Gabbrielli G, Amorosi A, Brocchi A, Brandi ML:
Intraoperative parathormone measurement in patients with multiple
endocrine neoplasia type 1 syndrome and hyperparathyroidism. World J
Surg 2000, 24:556–563.
doi:10.1186/1471-2407-12-614
Cite this article as: Erdas et al.: Functioning glucagonoma associated
with primary hyperparathyroidism: multiple endocrine neoplasia type 1
or incidental association?. BMC Cancer 2012 12:614.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
